Novel analytical expressions have been derived for calculating transimpedances and equivalent input noise current densities of five tuned optical receiver front ends based on PIN diode and MESFETs or HEMTs. Miller's capacitance, which has been omitted in previous studies, has been taken into account. The accuracy of the expressions has been verified by using Touchstone simulator. The agreement between the calculated and simulated front end performances is very good.
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In optical fiber transmission systems, the optical receiver front end plays an important role [1] . The sensitivity of the receiver is limited by different noise factors. Among these factors, the f2 thermal noise term from FETs channel is a dominating one for high frequency and wideband applications. To suppress f2 noise, different tuning networks have been applied between the photo detector and the FETs preamplifier. Consequently, the receiver sensitivity has been improved significantly. Some analysis and design information on the tuned optical receiver front ends have been reported in [2] 44]. In order to make further complex computer simulations and optimizations of the front ends, it is necessary to be able to provide a good starting point and to avoid the local minima in the optimizations. In this paper, we present some novel analytical and simple expressions which can be used to calculate the transimpedances and equivalent input noise current densities of the most widely used tuned front ends based pin diode and FETs. The expressions have been verified by using Touchstone. The comparison between the calculated and simulated front end performances is shown.
Derivation of e A diagram of a tuned optical receiver front end based on a pin diode and a FET is shown in Fig.1 . The diode is modelled as a current source, a junction capacitance, and a series resistor. The FET is represented by an equivalent circuit, which is valid for both MESFETs and HEMTs. The five different tuning networks are shown in Fig.2 (a) In the present work, Miller's capacitance, which has been omitted in previous studies, has been included. In fact, neglecting the Miller's capacitance results in an over-estimation of transimpedance and underestimation of input noise current density of the front ends. The accuracy of the calculation has also been improved by taking into account of resistance Rin, Rg and Rs.
In the following we will only show the expressions for calculating the transimpedance and equivalent input noise current density of a it equivalent transformer tuned front end. The expressions can be applied to other tuned front ends by simple modifications. It Com an Between Cad
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To demonstrate the accuracy of the expressions, the transimpedances and equivalent input noise current densities of five different tuned front ends have been calculated by using the expressions and simulated by using Touchstone simulator, respectively. The photo diode used is a pin diode from BT&D (PDC 4300) with Cj of 0.12 pfand Rj of 10 Q. The FET is a HEMT from NEC (NE20200).
In Fig.3 (a) -(e), comparisons between the calculated and simulated transimpedances of the front ends are shown. For a serially tuned front end, the max-imum deviation between the calculated and simulated results is about 2.5 dB from DC to 12 GHz. For all the bandpass tuned front ends, the maximum deviation is less 2 dB. It can be seen that the parallel tuned front end is only suitable for narrow band applications. Compared with the T equivalent transformer and X equivalent transformer tuned front ends, the 3rd order bandpass tuned end offers wider bandwidth. In Fig.4 (a) 
